We demonstrated previously that Coptidis rhizoma extract (CRE) prevented S-nitroso-N-acetylpenicillamine-induced apoptotic cell death via the inhibition of mitochondrial membrane potential disruption and cytochrome c release in RINm5F (RIN) rat insulinoma cells. In this study, the preventive effects of CRE against cytokine-induced β-cell death was assessed. Cytokines generated by immune cells infiltrating pancreatic islets are crucial mediators of β-cell destruction in insulin-dependent diabetes mellitus. The treatment of RIN cells with IL-1β and IFN-γ resulted in a reduction of cell viability. CRE completely protected IL-1β and IFN-γ-mediated cell death in a concentration-dependent manner. Incubation with CRE induced a significant suppression of IL-1β and IFN-γ-induced nitric oxide (NO) production, a finding which correlated well with reduced levels of the iNOS mRNA and protein. The molecular mechanism by which CRE inhibited iNOS gene expression appeared to involve the inhibition of NF-κB activation. The IL-1β and IFN-γ-stimulated RIN cells showed increases in NF-κB binding activity and p65 subunit levels in nucleus, and IκBα degradation in cytosol compared to unstimulated cells. Furthermore, the protective effects of CRE were verified via the observation of reduced NO generation and iNOS expression, and normal insulin-secretion responses to glucose in IL-1β and IFN-γ-treated islets.
Introduction
Type 1 diabetes mellitus is an autoimmune disease which induces a selective destruction of the insulinproducing -cells of the Langerhans islets (Nossal et al., 1992) . A great deal of evidence supports the crucial role of infiltrating immune cells in and around the pancreatic islets at early stages of pathogenesis (Kanazawa et al., 1984; Jorns et al., 2005) . In their activated state, T-lymphocytes and macrophages, which are primary cellular components of islet insulitis, secrete high levels of IL-1 and IFN-, respectively. IL-1 alone, or in combination with TNFor IFN-, induces an excess production of nitric oxide (NO) by the iNOS in the pancreatic islets (Cetkovic-Cvrlje and Eizirik, 1994; Corbett and McDaniel, 1995; Heitmeier et al., 1997; Kwon et al., 2003a) . Nitric oxide is a short-lived and highly reactive radical, which inhibits the Krebs-cycle enzyme aconitase and electron transport chain complexes I and II, resulting in reduced glucose oxidation rates, ATP generation, and insulin production (Welsh et al., 1991; Corbett et al., 1992; Cunningham and Green, 1994) . In fact, iNOS inhibitors, such as N w -nitro-Larginine methylester (L-NAME) and aminoguanidine, attenuate cytokine-induced -cell dysfunction and islet degeneration (Southern et al., 1990; Welsh et al., 1991; Eizirik et al., 1996) .
The transcriptional NF-B has been implicated as Coptidis rhizoma extract protects against cytokine-induced death of pancreatic β-cells through suppression of NF-κB activation a key IL-1 signaling mediator and has also been suggested as a regulator of the transcription of the iNOS gene Mandrup-Poulsen, 1996) . NF-B is initially located within the cytoplasm as an inactive form complexed with I B, an inhibitory factor of NF-B. A variety of inducers cause the dissociation of this complex, presumably via the phosphorylation of I B, permitting NF-B to be released from the complex. NF-B is then translocated to the nucleus, where it interacts with its DNA recognition sites to mediate gene transcription (Baeuerle and Henkel, 1994; Baldwin, 1996; May and Ghosh, 1998) .
Coptidis rhizoma is a rhizome of Coptis chinensis Franch, and a member of the Ranunculaceae family. It has been employed in Chinese medicine for the treatment of diabetes mellitus. A great deal of evidence suggests that it may also prove effective against inflammation (Iizuka et al., 2000a) , cancer cell proliferation (Iizuka et al., 2000b (Iizuka et al., , 2002 , and the induction of novel growth-related genes, most notably rcl (Chan et al., 2002) . We recently reported that the pretreatment of RIN cells with Coptidis rhizoma extract (CRE) prevented S-nitroso-N-acetylpenicillamine-induced apoptotic cell death (Kwon et al., 2005) . In the present study, we have attempted to determine the feasibility of Coptidis rhizoma as a means for the prevention of IL-1 and IFN--induced -cell damage. CRE inhibited IL-1 and IFN--induced NF-B activation, iNOS expression, NO formation, glucose-stimulated insulin secretion (GSIS), and viability reduction in RIN cells and islets, which may explain the beneficial anti-diabetic effects associated with Coptidis rhizoma.
Materials and Methods

Cell culture
RINm5F (RIN) cells were obtained from the American Type Culture Collection and grown at 37 o C under a humidified, 5% CO 2 atmosphere in RPMI 1640 medium (Gibco BRL) supplemented with 10% FBS and 2 mM glutamine, 100 U/ml of penicillin, 100 g/ml of streptomycin, and 2.5 g/ml of amphotericin B.
Preparation of Coptidis rhizoma extract
The plants were purchased by the Wonkwang Oriental Medical Hospital in Iksan, Chonbuk, South Korea, and were confirmed by Professor Ho-Joon Song. Voucher samples were preserved in the Herbarium of the Department of Physiology, at the School of Oriental Medicine, Wonkwang Univ. (Omcphy 2001-90) . For extraction, 200 g of Coptidis rhizoma was ground and extracted with boiling water for 4 h. After 20 min of centrifugation at 3,000 × g, the supernatant was concentrated under reduced pressure to 200 ml and freeze-dried to 32.12 g. The sterile extract was then stored at -70 o C.
MTT assay for cell viability
The viability of the cultured cells was determined via assays for the reduction of MTT to formazan, as previously described (Zhang et al., 2005) . In brief, after 48 h of incubation, cells (10 4 / well) in 96-well plates were washed twice with PBS. MTT (100 g/0.1 ml of PBS) was added to each of the wells. Cells were then incubated for 1 h at 37 o C, and DMSO (100 l) was added in order to dissolve the formazan crystals. The absorbance was determined at 570 nm with a model Spectra MAX PLUS spectrophotometer (Molecular Devices, Sunnyvale, CA). 
5-Bromo
Nitrite measurement
Biologically generated NO is oxidized rapidly to nitrite and nitrate in aqueous solutions (Moncada et al., 1991) . Nitrite concentrations in the cell-free culture supernatant, therefore, were utilized as a reflection of NO production, and were measured via a colorimetric assay (Green et al., 1982) . Following 48 h of incubation, 100 l aliquots of the culture supernatants were incubated with 100 l of a 1:1 mixture of 1% sulfanilamide in 30% acetic acid and 0.1% N-(1-naphthyl) ethylenediamine dihydrochloride in 60% acetic acid at room temperature. After 5 min, absorbance was determined at 540 nm using a Spectra MAX PLUS spectrophotometer. NO concentrations were determined from a linear standard curve obtained from serial dilutions of sodium nitrite in working medium. o C for 1 min. After the last amplification cycle, the samples were incubated for 5 min at 72 o C. -actin PCR was conducted with 2.5 l of an aliquot of synthesized cDNA using primers at a concentration of 0.15 M; upstream primer, 5'-TG-CCCATCTATGAGGGTTACG-3' downstream primer, TAGAAGCATTTGCGGTGCACG-3'. The obtained PCR products were analyzed on ethidium bromidestained agarose (1.5%) gels.
RNA isolation and RT-PCR for iNOS
Real-time PCR for iNOS in islets
Total RNA was isolated from batches of 30 islets using Trizol reagent (Life Technologies Ltd, UK). Real-time PCR was conducted using the LightCycler rapid thermal cycler system (Roche Diagnostics Ltd, UK) in accordance with the manufacturer's instructions. Specific primers for the iNOS and -actin genes were designed using LightCycler software 4 (Roche). The primer sequences were as follows: iNOS gene upstream primer, 5'-GTTCTT-TGCTTCTGTGCTAAT-3' downstream primer, 5'-G-TGTTTGCCTTATACTGTTCCA-3'; -actin gene upstream primer, 5'-GTGCTATGTTGCTCTAGACT-3' downstream primer, 5'-CACAGGATTCCATACCCA-AG-3'. The real-time PCR contained, in a final volume of 20 l, 100 ng of reverse-transcribed total RNA, 500 nM of the forward and reverse primers, and 14 l of 2 × SYBR green buffer (Roche). PCR amplification was initiated with a 10-min pre-incubation step at 95 o C, followed by 45 cycles of denaturation at 95 o C for 10 s, annealing at 58 o C (iNOS) or 63 o C ( -actin) for 5 s, and an elongation step at 72 o C for 10 s. The relative concentrations of the PCR products derived from the target gene (iNOS) were calculated using LightCycler System software. The results were expressed relative to the number of -actin transcripts used as an internal control. All experiments were conducted in triplicate.
Western blot analysis Cells were homogenized in 100 l of ice-cold lysis buffer (20 mM Hepes, pH 7.2, 1% Triton X-100, 10% glycerol, 1 mM phenylmethylsulfonyl fluoride, 10 g/ml leupeptin and 10 g/ml aprotinin). The homogenates, containing 20 g of protein, were separated via SDS-PAGE with 10% acrylamide resolving and 3% stacking gels, then transferred to nitrocellulose sheets in a Western blot apparatus (Bio-Rad, Hercules, CA). The nitrocellulose paper was blocked with 2% BSA, then incubated for 4 h with 1 g/ml of primary antibodies for iNOS, I B , I B , or p65 (Santa Cruz Biochemicals, Santa Cruz, CA). Horseradish peroxidase-conjugated IgG (Zymed, South San Francisco, CA) was employed as a secondary antibody. Protein expression levels were determined via analysis of the signals captured on nitrocellulose membranes, using a Chemi-doc image analyzer (Bio-Rad).
Preparation of nuclear extracts
Nuclear extracts were prepared as previously described (Park and Park, 2001 ). The cells were immediately washed twice, scraped into 1.5 ml of ice-cold PBS (pH 7.9), and pelleted at 12,000 × g for 30 s. The cell pellets were then suspended in ice-cold hypotonic lysis buffer (10 mM Hepes, 1.5 mM MgCl 2 , 0.2 mM KCl, 0.2 mM phenylmethylsulfonylfluoride and 0.5 mM dithiothreitol), vortexed for 10 s and then centrifuged for 5 min at 3,000 rpm. The packed cells were resuspended with ice-cold hypotonic lysis buffer in the presence of 50 l of 10% Nonidet P-40, then incubated for 25 min on ice. The nuclear fractions were precipitated via 15 min of centrifugation at 4,000 rpm. I B and I B in the cytoplasmic fractions were analyzed via Western blotting. The pelleted nuclei were then resuspended in 50-100 l of low salt extraction buffer (20 mM Hepes, pH 7.9, 1.5 mM MgCl 2 , 25% glycerol, 20 mM KCl, 0.2 mM EDTA, 0.2 mM phenylmethylsulfonylfluoride and 0.5 mM dithiothreitol) and added to equal volumes of high salt extraction buffer (20 mM Hepes, pH 7.9, 1.5 mM MgCl 2 , 25% glycerol, 80 mM KCl, 0.2 mM EDTA, 0.2 mM phenylmethylsulfonyl-fluoride and 0.5 mM dithiothreitol) in a dropwise fashion, then incubated for 45 min under continuous shaking at 4 o C. The samples were centrifuged for 20 min at 12,000 × g. Aliquots of the nuclear extracts were stored at -80 o C. Protein concentrations were determined by the Bradford method (Bradford, 1976) .
Electrophoretic mobility shift assay (EMSA) NF-B activation was assayed via a gel mobility shift assay using nuclear extracts from the control and treated cells . As a probe for the gel retardation assay, an oligonucleotide harboring the -chain binding site ( B, 5'-CCGGTTAACAG-AGGGGGCTTTCCGAG-3') was synthesized. The two complementary strands were annealed and labeled with [ -32 P] dCTP. Labeled oligonucleotides (10,000 cpm), 10 g of nuclear extracts, and binding buffer (10 mM Tris-HCl, pH 7.6, 500 mM KCl, 10 mM EDTA, 50% glycerol, 100 ng poly(dI dC) and 1 mM DTT) were incubated for 30 min at room temperature in a final volume of 20 l. The reaction mixtures were analyzed via electrophoresis on 4% polyacrylamide gel in 0.5 × Tris-borate buffer. The gels were dried and examined via autoradiography. Specific binding was controlled by competition with a 50-fold excess of cold B oligonucleotide.
Isolation of islets
Pancreatic islets were isolated from male SpragueDawley rats via collagenase digestion as previously described (Kim et al., 1994) . After isolation, the islets were cultured overnight in RPMI-1640 (RPMI-1640 containing 2 mM L-glutamine, 10% heatinactivated FCS, 100 U/ml penicillin, and 100 g/ml streptomycin) under an atmosphere of 95% O 2 and 5% CO 2 at 37 o C. Prior to each experiment, the islets were washed three times in RPMI-1640, counted, and cultured overnight.
Insulin secretion assay
The islets were cultured for 24 h with cytokines in the presence or absence of CRE. The islet were washed three times in Krebs-Ringer bicarbonate buffer (25 mM Hepes, 115 mM NaCl, 24 mM NaHCO3, 5 mM KCl, 1 mM MgCl2, 2.5 mM CaCl2, and 0.1% BSA, pH 7.4) containing 3 mM D-glucose, and insulin secretion assays were conducted in the presence of either 5.5 or 20 mM D-glucose. The insulin contents of the medium were determined via ELISA (Park et al., 1995) .
Statistical analysis
Statistical analysis of the data was performed with ANOVA and Duncan's test. Differences with P ＜ 0.05 were considered statistically significant. 5 ) were treated for 48 h with the cytokines and the nitrite concentrations were assessed in the cell-free culture supernatants as a reflection of NO synthesis. The results of triplicate samples were expressed as the means ± SEM. *P ＜ 0.05, **P ＜ 0.01 vs. untreated control. (C) Cells (5 × 10 6 ) were incubated with cytokines and Western blot analysis for iNOS was conducted.
Results
Prevention of cytokine-induced viability reduction by CRE
RIN cells from a rat pancreatic -cell line were cultured to near confluence. A single treatment with IL-1 (5 ng/ml) induced a reduction in viability to 78.2 ± 9.7%, whereas the combination of IL-1 (5 ng/ml) and IFN-(100 U/ml) induced a significant reduction in cell viability, of 32.6 ± 10.8% ( Figure  1A ). By way of contrast, CRE increased the viability of IL-1 and IFN--treated RIN cells in a concentration-dependent manner (Figure 2A) . The protective effects of CRE on IL-1 and IFN--induced cytotoxicity were confirmed further via the incorporation of BrdU into RIN cells. BrdU is a thymidine analogue that is incorporated into proliferating cells during DNA synthesis; thus, it is reflective of the proliferative potential of the cells. IL-1 and IFNreduced the level of BrdU incorporation, hence proliferation, at 48 h incubations to 29.5 ± 3.2% of control levels ( Figure 2B ). Consistent with the data obtained in the MTT assay, CRE prevented the cytokine-mediated decrease in cell proliferation potential, coupled with an increase in its concentration ( Figure 2B ). CRE alone did not affect the viability, even at higher concentrations (1 mg/ml) (data not shown).
Effect of CRE on IL-1β and IFN-γ-induced NO production by RIN cells
It has been reported that the IL-1 and IFN--mediated destruction of -cells is induced by an increase in NO production Flodstrom et al., 1996) . The incubation of RIN cells with IL-1 and IFN-for 48 h resulted in significant nitrite (a stable oxidized product of NO) production by these cells ( Figure 1B ). The addition of L-NAME, an iNOS inhibitor, completely prevented the IL-1 and IFN--induced reduction in viability, as had been expected (Figure 2 ). The presence of CRE attenuated cytokine-mediated nitrite production, a result that was correlated well with its increased viability (Figure 2) . In order to determine whether CRE inhibits NO production via the suppression of iNOS gene expression, changes in iNOS mRNA and protein levels were investigated via RT-PCR and Western blot analysis, respectively. Cells treated with IL-1 alone induced a slight increase in iNOS mRNA ( Figure 1C , lane 2) and 130 kDa iNOS protein expression (Figure 3, lane 2) , whereas marked increases of iNOS mRNA and protein were observed in the cells treated with IL-1 and IFN-( Figure 1C , lane 5 and Figure 3A and 3B, lane 3). Cells pretreated with CRE at a concentration of 50 Figure 2 . Prevention of cytokine-induced cell death by CRE. RIN cells (1 × 10 5 ) were incubated with cytokines in the presence or absence of CRE or L-NAME for 48 h as indicated. Cell viability (A), proliferation capacity (B), and NO production (C) were determined. Each value is expressed as the mean ± SEM of four independent experiments. ** P ＜ 0.01 vs. control; # P ＜ 0.05, ## P ＜ 0.01 vs. IL-1 + IFN-.
g/ml showed suppressed iNOS expressions in both their mRNA and protein levels (Figure 3) . These results show that IL-1 and IFN--induced NO production were induced by iNOS expression in the RIN cells.
Effect of CRE on IL-1 and IFN--induced NF-B activation NF-B has been implicated in the transcriptional regulation of cytokine-induced iNOS expression. Thus, we attempted to determine the effects of CRE on the cytokine-stimulated translocation of NF-B from the cytoplasmic compartment to the nucleus in RIN cells. The IL-1 and IFN--stimulated RIN cells resulted in increases in NF-B binding activity and p65 subunit levels within their nuclei ( Figure 4A and 4B) and I B degradation in the cytosol ( Figure 4B) , as compared to unstimulated cells. I B was not affected by treatments with IL-1 and IFN-(data not shown). IL-1 and IFN--induced NF-B activation and I B degradation were suppressed markedly by the addition of CRE, suggesting that CRE inhibits the expression of iNOS via the inhibition of NF-B activation. The specificity of the DNA-protein interactions for NF-B was demonstrated via competition assays using a 50-fold excess of unlabeled oligonucleotides ( Figure 4A, lane 4) .
Reduction of NO production and preservation of glucose-stimulated insulin secretion by CRE in the presence of IL-1 and IFNWe further assayed the preventive effects of CRE on cytokine-induced NO production, iNOS expression, and GSIS using rat pancreatic islets isolated from male Sprague-Dawley rats to support the physiological importance of the results observed in the cell line studies ( Figure 5 ). 24 h of incubation of the rat islets with IL-1 and IFN-resulted in 3.4-fold and 7.6-fold increases in nitrite production and iNOS mRNA expression, respectively ( Figure 5A ). However, islets treated with IL-1 and IFN-in the presence of L-NAME produced control levels of nitrite. The incubation of islets with IL-1 and IFNfor 24 h also resulted in marked iNOS protein expression ( Figure 5C ) and a significant reduction of GSIS from 10.2 ± 0.6 ng/ml to 4.8 ± 1.6 ng/ml ( Figure 5D ). Pretreatment with CRE blocked the effects of IL-1 and IFN-on nitrite production and iNOS expression, and restored insulin secretion responses to glucose in a concentration-dependent manner. CRE alone had no effect on insulin-secre- 6 ) were incubated with IL-1 (5 ng/ml) and/or IFN-(100 U/ml) in the presence or absence of CRE (50 g/ml) or L-NAME (1 mM) for 48 h. RT-PCR (A) and Western blot analysis (B) for iNOS were conducted. A representative result is presented among at least three separate experiments with similar results. 6 ) were treated with IL-1 (5 ng/ml) and IFN-(100 U/ml) in the presence or absence of CRE (50 g/ml). After 30 min of incubation, NF-B translocation was analyzed by EMSA (A), and p65 expression and I B degradation (B) were evaluated by Western blotting.
ting responses to glucose (data not shown).
Discussion
In this study, we have evaluated the preventative effects of CRE on IL-1 and IFN--induced reductions of viability in -cells. Rat insulinoma cells, pretreated with CRE, proved resistant to cytokineinduced cytotoxicity, as assessed by MTT and BrdU assays. The protective actions of CRE on cellular metabolism are associated with an inability of -cells to express iNOS or generate NO in response to cytokines. The activation of the transcriptional regulator, NF-B, was required for cytokine-induced iNOS expression by -cells. We observed that CRE prevented cytokine-induced NF-B nuclear translocation via the inhibition of I B degradation. These findings show that CRE provides functional protection against the damaging effects of cytokines by preventing the expression of iNOS.
Cytokines, as humoral mediators of inflammation, cause the destruction of pancreatic -cells of various species, including rats and humans Mandrup-Poulsen, 1996) . It has been previously shown that, whereas IL-1 is a sufficient stimulus for the induction of iNOS mRNA expression and NO production in RIN cells, a combination of IL-1 and IFN-is required for the induction of NO formation by human islets (Cetkovic-Cvrlje and Eizirik, 1994; Eizirik et al., 1996; Heitmeier et al., 1997; Lortz et al., 2000) . The increased toxicity of the cytokine combination compared with that of IL-1 alone (Figure 1 ) is attributable to a significantly higher rate of iNOS mRNA and protein expression (Figure 3 ) and subsequent NO production ( Figure   Figure 5 . Effects of CRE on IL-1 and IFN--induced NO production, iNOS expression, and glucose-stimulated insulin secretion. Rat islets (30 islets/500 l) were treated with cytokines in the presence or absence of CRE or L-NAME for 24 h as indicated. After the incubation period, NO production (A) and iNOS mRNA (B) and protein (C) expressions were assessed. (D) For GSIS, five islets were utilized and assayed as described in the Materials and Methods section. Results of triplicate samples were expressed as the mean ± SEM.
* P ＜ 0.05, ** P ＜ 0.01 vs. untreated control; # P ＜ 0.05, ## P ＜ 0.01 vs. IL-1 + IFN-.
1B). Data obtained in other cell types suggest that putative sites for the action of IFN-include the stabilization of iNOS mRNA (Vodovotz et al., 1993) , the potentiation of IL-1 -induced NF-B activation (Amoah-Apraku et al., 1995) , and the induction of other nuclear transcription factors, including the interferon regulatory factor-1 (Flodstrom and Eizirik, 1997) . NF-B governs both proinflammatory and antiapoptotic responses according to the mode of insults in -cells. NF-B regulates the expressions of multiple proinflammatory genes that contribute to islet destruction, including Fas, iNOS, and cyclooxygenase-2 (Cetkovic-Cvrlje and Eizirik, 1994; Sorli et al., 1998; Darville and Eizirik, 2001 ). In addition, the promoters of other proinflammatory genes induced in -cells, including chemokines and adhesion molecules, also possess binding elements for NF-B (May and Ghosh, 1998) . The importance of NF-B in -cell damage is underscored by the fact that the inhibition of NF-B activation or translocation prevents IL-1 and IFN--induced -cell dysfunction and death, in both in vitro and in vivo models (Kwon et al., 1998; Giannoukakis et al., 2000; Heimberg et al., 2001; Eldor et al., 2006) . By way of contrast, aside from its proinflammatory functions, there is a wealth of data on the defensive and protective functions of NF-B. NF-B limited tissue damage in a ceruleaninduced acute pancreatitis model, whereas the blockage of NF-B activation exerted an adverse effect by causing increased tissue damage by increasing apoptosis (Steinle et al., 1999) . NF-B regulates apoptosis via its ability to control the expression of multiple antiapoptotic genes, including the inhibitor of apoptosis protein (IAP) and A20 (Karin and Lin, 2002; Liuwantara et al., 2006) . Blockade of NF-B via the use of an I B superrepressor also sensitized -cells to TNF--mediated apoptosis (Chang et al., 2003) . Thus, it remains to be determined whether NF-B activation in the pancreas is protective or detrimental.
Previous reports have provided evidence that chemical inhibitors of NO generation protected insulin-secreting cells against cytokine-mediated toxicity, but with variable efficacy, depending on the species and the combination of the cytokines (Darville and Eizirik, 1998; Rabinovitch and SuarezPinzon, 1998) . We have already reported on the protective effects of herbs and dietary supplements against cytokine-or cytotoxin-induced -cell damage via the suppression of iNOS expression (Park and Park, 2001; Kwon et al., 2003a Kwon et al., , b, 2005 Kwon et al., , 2006 Kim et al., 2007) . Many other groups have also attempted to save -cells from those insults by repressing either NF-B activation or NF-B-dependent iNOS expression (Scarim et al., 1998; Evans et al., 2002) . With regard to this feature, the repression of NF-B or its downstream iNOS expression are important targets for the protection of -cells against a variety of diabetogenic agents. Indeed, we recently determined the protective effects of CRE against S-nitroso-N-acetylpenicillamine-induced apoptotic cell death in RIN cells (Kwon et al., 2005) . With the current study, we further demonstrated the importance of NO generation in -cell damage, which was prevented by treatment with L-NAME, an iNOS inhibitor. Taken together, our results indicate that NO is an indispensable component of the cytokine-or cytotoxin-induced toxicity of -cells, and the protective effect of CRE against IL-1 and IFN--mediated killing is attributable to the inhibition of NO generation.
In addition, data in the relevant literature indicate that cytokine-induced NF-B activation and iNOS induction can be suppressed in islets by antioxidants including pyrrolidine dithiocarbamate (Kwon et al., 1995) . Moreover, NF-B is a redox-sensitive transcription factor, as indicated by the fact that NF-B activation can be induced by H2O2 or, conversely, NF-B nuclear translocation is blocked by antioxidants including pyrrolidine dithiocarbamate (Schreck et al., 1991; Ferran et al., 1995) . Interestingly, several studies have addressed the protective potential of antioxidants in the islets via the overexpression of free radical-scavenging enzymes (Kubisch et al., 1997; Benhamou et al., 1998; Hohmeier et al., 1998) . The overexpression of manganese-superoxide dismutase (MnSOD) in an engineered -cell induced selective protection against cytokineinduced cytotoxicity, in addition to a reduction of cytokine-induced NO generation (Hohmeier et al., 1998) . Berberine, a major alkaloidal component of Coptidis rhizoma has been reported to exert antidiabetic effects in a variety of animal models of diabetes (Leng et al., 2004; Lee et al., 2006; Tang et al., 2006) . One possible antidiabetic mechanism involves its ability to scavenge oxygen free radicals. Berberine-treated animals showed increases in superoxide dismutase and glutathione peroxidase activities, as compared with control rats (Tang et al., 2006) . Therefore, we are unable to dismiss the possibility that oxygen free radicals may be involved in our system, and that the protective effects of CRE occur via the reduced generation of oxygen free radicals. The potential for CRE to interfere at the oxidative step of NF-B activation is currently under examination.
In summary, we have demonstrated the profound inhibitory effect of CRE against cytokine-induced viability reduction in -cells, using an insulinoma cell line and isolated pancreatic islets. CRE rescued -cells from cytokine-induced toxicity and completely restored function. No other reports have yet been published regarding the relation of CRE with the prevention of -cell damage against cytokine toxicity. The results of this study will provide valuable information not only into the mechanisms underlying autoimmune -cell destruction, but also into the development of drugs designed to combat Type 1 diabetes.
